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Analyses of rock and stream-sediment samples from 

Prince Rupert quadrangle, southeastern Alaska

by 

R. D. Koch and R. L. Elliott

Intr oduc t ion

A reconnaissance geochemical sampling program was conducted between 

1975 and 1977 in the Ketchikan and Prince Rupert l:250,000-scale quadrangles, 

southeastern Alaska. The study was done to assist in a mineral resource 

evaluation of the area as part of the Alaska Mineral Resource Assessment 

Program (AMR&P). This report contains the analytical data for all samples 

collected in the Prince Rupert quadrangle during this study and also in­ 

cludes data from samples collected during U.S. Geological Survey mapping 

in 1969 and 1970. Data from 117 rock and 206 stream-sediment samples are 

reported. These samples comprise all of the normal rock and stream-sediment 

geochemical samples collected during U.S. Geological Survey geological map­ 

ping investigations within the Prince Rupert quadrangle through 1977. Brief 

statistical summaries of the rock and stream-sediment analytical data are 

included in this report.

Analytical data from geochemical sampling within the Ketchikan quad­ 

rangle directly north of the Prince Rupert quadrangle are contained in two 

companion reports (Koch and Elliott, 1978a, 1978b), and data from the southern 

portion of the Bradfield Canal quadrangle (north of the Ketchikan quadrangle) 

in Koch and others (1976). Data from all of the normal U.S. Geological Survey 

rock and stream-sediment geochemical samples collected in the Ketchikan and 

Prince Rupert quadrangles are available on magnetic computer tape (Koch, 

Van Trump, and McDanal, 1978).



Geologic studies in the Ketchikan area

The northeastern portion of the Prince Rupert quadrangle is underlain 

by Cretaceous granitic rocks of the Coast Range metamorphic-plutonic complex 

and associated greenschist to amphibolite facies metasedimentary and jneta-_ 

volcanic rocks. A metamorphosed early Paleozoic or older trondhjemite plu- 

ton underlies the area between Foggy Bay and Cape Pox. To the west, Duke 

and Percy Islands are dominated by early Cretaceous ultramafic bodies which 

intrude metamorphosed sedimentary and volcanic rocks.

The earliest comprehensive discussions of the geology of the Ketchikan 

area are contained in reports by Wright and Wright (3.908) and Buddington 

and Chapin (.1929) . Recent discussions of the geology of this area include 

a report by Hutchison (1970) on the Coast Range metamorphic-plutonic complex 

in the Prince Rupert region of British Columbia and one by Irvine (1974) on 

the ultramafic complex on Duke Island.

Recent geologic investigations by the U.S. Geological Survey in the 

Prince Rupert quadrangle began with reconnaissance mapping in the Prince 

Rupert D2 and D3 quadrangles in 1969 and 1970. Field studies continued from 

1975 to 1977 CBerg, Elliott, and Koch, 1976; Elliott, Smith, and Hudson, 

1976; Koch and others, 1977). Reconnaissance mapping of the Ketchikan and 

Prince Rupert quadrangles has been completed and a geologic map at a scale 

of 1:250,000 has been published CBerg and others, 1978).

Sampling 

Stream-sediment Samples

Stream-sediment samples were generally collected from the finest, most 

organic-free sediment in the active stream channel. In rare instances 

where this was not possible, samples were collected from bank or terrace



deposits adjacent to the channel. At sites below the tree line, it was not 

always possible to collect a sample completely free of organic material and 

a small number of samples have low to occasionally high organic content. 

Stream-sediment samples collected from shoreline sites were obtained above 

highest high tide level whenever possible. Most of the study area is steep 

and sediment in the resulting swift streams is essentially all detrital 

material resulting from mechanical, not chemical weathering. The bulk of ' 

most stream-sediment samples comprises material ranging in size from very 

fine sand to pebbles. Samples with a large percentage of silt- and clay- 

sized material are rare and are generally from areas of low elevation and 

gentle gradient.

Rock Samples

The rock samples are primarily grab samples chosen to provide data on 

background values for a lithologic unit. The majority of these samples are 

representative of the dominant lithologies at the sample site. A lesser , 

number of samples were collected from minor lithologies, known mineralized 

occurrences, or outcrops that are conspicuously iron-stained or contain 

visible metallic minerals.

Sample preparation and analytical procedures

Stream-sediment samples were dried and sieved; the -80 mesh (-0.2 mm) 

fraction was pulverized and a split was analyzed. Rock samples were crushed, 

a split was pulverized and a split of this material analyzed.

Samples were analyzed by the Branch of Exploration Research of the U.S. 

Geological Survey for up to 30 elements by the six-step semiquantitative 

emission spectrographic method (Grimes and Marranzino, 1968), and for gold, 

copper, lead and zinc by atomic absorption spectrophotometry (Ward and



others, 1969). Some analyses were not performed on all samples. The semi- 

quantitative spectrographic analyses were performed by E. F. Cooley, 

K. J. Curry, and C. L. Forn. The atomic absorption analyses were done 

by D. E. Detra, J. D. Hoffman, A. L. Meier, R. L. Miller, R. M. O'Leary, 

J. A. Roybal, and R, F. Sanzolone.

Geochemical data

Locations--of sample sites are shown on plate I and identified-by sta­ 

tion numbers. - The analytical data for the stream-sediment and rock samples 

are given in tables 6 and 8 respectively and are identified by station 

number with a letter appended to the station number to distinguish dif­ 

ferent samples -from the same station. Four stream-sediment samples were/ ~

re-analyzed as part of a test of analytical variance. These sample numbers
/-.'*   

'appear twice-in table 6 along with data for both analyses.

Each rock sample has been assigned a rock type and is labeled in 

table 8 with a rock name code consisting-of a two-letter rock-name symbol 

which may be followed by one or more two-letter mineral-modifier symbols. 

An explanation of these rock-name and mineral-modifier codes is listed in 

table 4 (p. 15).

Analytical Values

Analytical results are reported in tables 6 and 8 as percent of the 

sample Cfor spectrographic analyses of Fe, Mg, Ca, and Ti) or as parts per 

million (ppm) for all other analyses. The minimum limits of determination 

and the units used to report each analysis are listed in table 1.

A single-letter symbol is used by USGS analysts to indicate that no 

analysis was performed for an element or that the analytical result is 

outside the limits of determinability. These symbols (commonly called



Table 1. Lower determination limits and units for analyses performed from 1969 

through 1977. S - indicates spectrographic analysis, AA - indicates 

atomic absorption analysis. The units used to report values for each 

analytical procedure are listed after the determination limit.

S-Mg    -

S mff _

AU

-      .05%

   - 02%
  ln/w O

.      .002%

     10 ppm

     10 ppm

     10 ppm

    20 ppm

1 ppm

    10 ppm

S-Cd     -

S-Co       

s_Crl/    .

S-Cu      -

S n*

S-Nb       

1NJL

S T^t^

. S-Sb       

OO 

S^  

    20 pom*" * ' .f.f*"

    10 ppm

^ »"*  ¥*

      20 ppm ,

    5 ppm

    20 ppm

5 MMW

      10 ppm

     100 ppm

     5 ppm

   10 ppm

o^

s-v      

AJli

O *7v

nf\ \*r\JL.

C*C\ ± J*f

AA-Zn     

    100 ppm

  .   10 ppm

    50 ppm

    10 ppm

   200 ppm

    10 ppm

    .05 ppm

C _ _  m^

  5 ppm prior to 1970.

2/
  .02 ppm prior to 1972.



"qualification codes") are used in the statistical summary but some are 

represented differently in the data tables. An explanation of both forms 

is listed in table 2. The code T does not appear in these data.

Table 2. Qualification codes

Qualification Form in
code___ tables 6 & 8 Explanation

B   No analytical data for this analysis. 

N N Nothing detected by analysis.

L < Element detected but below listed
value (lower limit of determinability)

G > Element detected in amount greater
than listed value (upper limit of 
determinability).

H (value = 0) Interference - no valid data. 

T Trace

Because the original computer printout is used in the tables, element- 

symbols are in capital letters; for example, the symbol for iron, Fe, is = 

shown as FE, magnesium, Mg, is shown as MG, and so on. In the tables, the.- 

prefix S stands for spectrographic analysis and AA for atomic absorption 

analysis.

Results from semiquantitative emission spectrographic analyses (also 

referred to as six-step spectrographic analyses) are reported as the mid­ 

points of geometric class intervals. Midpoints of class intervals and the 

associated class interval boundaries are listed in table 3. Reported values 

may be any integral power of ten times one of the listed class interval mid­ 

points .



0.83

1.2

1.8

2.6

3.8

5.6

8.3

1.2

1.8

2.6

, 3.8

5.6

8.3

12.0

Table 3. Class intervals of the six-step scale.

Class interval midpoint Class interval limits 

1.0 

1.5 

2.0 

3.0 

5.0 

7.0 

10.0

Precision

Tests have been performed to determine the analytical precision of the 

six-step semiquantitative spectrographic technique used by the Branch of 

Exploration Research (Motooka and Grimes, 1976). These tests indicate 

that the frequency with which values from repeated analyses of the same 

sample will fall within the class interval containing the "true" value (as 

measured by the mean of a series of analytical runs) plus or minus one and 

two adjoining intervals is approximately 83 percent and 96 percent respec­ 

tively. For example, if a value is reported as 3.0, the probability is 

.83 that a repeated analysis would be reported as 2.0, 3.0, or 5.0. This 

study found analytical variance to be consistent for a variety of geologic 

materials, and to show no appreciable difference between elements or con­ 

centration ranges except near the limits of determinability. Another 

experiment (Johnson and others, 1977) suggests that analytical precision 

may vary appreciably between elements. Analyses by the atomic absorption 

methods are not reported on the six-step scale; they are more sensitive 

and more precise than spectrographic analyses.



Statistical summary

The analytical data from the stream-sediment and rock samples were 

processed by a computer program known as GEOSUM and the program's output 

is presented in tables 5 and 7 respectively. For samples which have been 

re-analyzed, the values listed second in the data tables have been arbi­ 

trarily omitted from the statistical summary to reduce bias. The GEOSUM 

program is designed to summarize and tabulate geochemical data primarily 

data from semiquantitative spectrographic analyses. All distributions are 

treated in terms' of the six-step class intervals described above and thus 

the atomic absorption data are regrouped to fit into these intervals. The 

program output consists of: (a) a frequency distribution table, histogram, 

summary of qualified values, range of values and geometric mean and devia­ 

tion for each element, and (b) a statistical summary for all elements, 

which includes geometric means and geometric deviations.

The histograms are on a logarithmic scale and are computed using the 

class intervals of the six-step semiquantitative scale. The histogram bars 

are composed of X's; each X represents approximately 1 percent of the total 

number of samples analyzed for that element. Decimal numbers are printed 

by the computer as powers of 10, for example:

7.0e-01 means 7.0 x 10 or 0.7 

7.0e+00 means 7.0 x 10° or 7.0

7.0e+01 means 7.0 x 10 or 70.0

2
7.0e+02 means 7.0 x 10 or 700.0

The frequency distribution tables, histograms, and statistics for each 

element were derived using only data values within the range of analytical 

determination which have been used since 1975. Between 1969 and 1975, the 

lower limits of determinability were raised for atomic absorption analyses



of Au and for spectrographic analyses of Cr. Unqualified values less 

than the current determinability limits and all values qualified with N f L, 

G, or H were ignored in these computations. The resulting frequency tables 

and statistics are biased and the histograms incomplete.

The summaries at the ends of tables 5 and 7 show which elements have

4

qualified values/ as well as the number of values having each type of quali- 

fic.ation. The summary also presents a recomputed geometric mean and geometric 

deviation using a method devised by A. J. Cohen for treating censored distribu­ 

tions. If an element has no qualified data values, the mean and geometric 

deviation will be the same in both this summary and on the page within the 

table for the particular element. For elements with qualified data, the 

estimates of mean and geometric deviation are unbiased in a strict sense 

only where the data are derived from a log-normal parent population, but 

experiments have shown that large departures from this requirement do not 

usually invalidate the results. Acceptance and use of the estimates, however, 

is the responsibility of the user.

The geometric mean is the antilogarithm of the arithmetic mean of the 

logarithms of the analyses. It is not an estimate of geochemical abundance 

but of "central tendency" Cor characteristic value) for a frequency distribu­ 

tion that is approximately symmetrical on a logarithmic scale. The geometric 

mean is useful for characterizing many geochemical distributions. The 

geometric deviation is the antilogarithm of the standard deviation of 

the logarithms of the analyses.

For further discussion of geometric mean and geometric deviation and 

of Cohen 1 s method for censored distributions, see Miesch (1963, 1967).



Bias and variability affecting interpretation

In reviewing the data in tables 6 and 8 and the statistical summary in 

jtables 5 and 7, several sources of bias and variability in the data must be 

considered. Factors including time limitations, weather, snow and vegetative 

cover, outcrop exposure, and availability of helicopter landing sites pre­ 

vented uniform sampling in all areas. Uneven sample density also resulted 

from more concentrated sampling of some areas vrtiich show evidence of mineral­ 

ization such as iron-staining or visible metallic minerals. This practice 

has biased the data slightly in favor of samples containing values above 

true background levels. This applies most strongly to rock samples. For 

stream-sediment samples the requirement of truly random sampling that all 

potential samples have an equal likelihood of being selected is not met 

either. In addition, samples were collected from a large area, where 

lithologic units of various origins or rock types may comprise several 

dissimilar geochemical populations. No attempt has been made here to group 

samples on the basis of geological or geochemical affinity. The summary of 

their values thus provides only a general indication of the trends that 

may be present.

Values from stream-sediment samples which contain appreciable organic 

material may be influenced by scavenging. Variability of any value is 

influenced by many factors including the difficulty of obtaining representa­ 

tive samples of inhomogeneous media, variation in sample preparation and 

variability inherent in the analytical techniques. It is likely vrith any 

large data-set that errors have occurred during recording, key-punching, 

and editing of the data which have gone undetected. Therefore, high values 

for a single element or a single site should be considered questionable 

indicators of bedrock mineralization.

10
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